Changes in chlorophyll fluorescence in relation to light-dependent cation transfer across thylakoid membranes.
Based on cation effects on chlorophyll a fluorescence and the light scattering behaviour of chloroplasts, a new interpretation of energy-dependent fluorescence quenching in intact leaves and isolated spinach chloroplasts is given. This type of fluorescence quenching is suggested to reflect movement of Mg2+ and other cations from the thylakoids to the stroma compartment. Cation efflux processes are associated with light-dependent proton uptake by thylakoids. Since cations strongly increase the fluorescence yield, their efflux leads to fluorescence lowering, apparently by means of structural changes of the membrane system. Similarly, the light-induced increase of apparent absorbance at 535 nm (caused by increased light scattering), which parallels fluorescence quenching, may reflect structural changes due to cation efflux from the thylakoids. In the dark these processes are reversed. The following results support this view: (1) After the envelopes of intact chloroplasts had been ruptured by osmotic shock in a medium of low cation content, the fluorescence yield was drastically lowered, and the long-term fluorescence quenching, as well as the light-dependent absorbance increase were missing. This is understood as being caused by loss of cations, which had been retained within the envelope. (2) Addition of certain cations to these thylakoid preparations largely restored the fluorescence signal characteristic of intact chloroplasts. (3) A dark period of 2-3 min in the presence of cations was required to produce the maximum fluorescence response. (4) When chloroplasts were ruptured in the presence of 5 mM MgCl2, both the signals of fluorescence and apparent absorbance at 535 nm remained very similar to those of the intact chloroplasts. (5) The described cation-dependent phenomena are sensitive to FCCP and closely correlated with light-induced proton uptake into the thylakoids, thus showing a relation to the energy conserving mechanism of photosynthesis.